INTRODUCTION
tions of biological resources, with chickens in the low antibody line reaching sexual maturity at an earlier age (Siegel et al., 1982; Martin et al., 1990) .
The objective of this study was to ascertain if, as correlated responses, onset of lay factors and length of fertility were also affected by divergent selection for antibody response to SRBC. Reproductive soundness in hens was evaluated by considering their age and BW at the onset of lay, the weight of the first egg, and the intensity of lay. In addition, length of fertility over the production period was assessed in both hens and roosters. We hypothesized that chickens from the low antibody line would have greater reproductive soundness than those from the high antibody line. Specifically, we hypothesized that hens from the low antibody line would commence lay at a younger age, with heavier BW and first egg weights, and that both hens and roosters from the low antibody line would have a longer duration of fertility than those from the high antibody line.
MATERIALS AND METHODS
The Virginia Tech Institutional Animal Care and Use Committee approved all housing and experimental procedures.
Birds and Housing
Parental Lines. Three lines of chickens were used. Two of the lines were White Leghorn chickens developed at Virginia Tech based on antibody response to a 0.1-mL intravenous injection of a 0.25% suspension of SRBC 5 d postinjection. The suspension was prepared using a 9% saline solution. Through this selection, low (LAS) and high (HAS) antibody response lines were developed Siegel and Gross, 1980; Martin et al., 1990; Kuehn et al., 2006) . In this study, progeny were from chickens of the 36th generation of selection in the antibody lines.
In addition, an intercross (IC) line was included as a control. The IC line was established from reciprocal crosses of the 41st generation of high and low BW selection lines of White Plymouth Rock chickens (Siegel, 1962; Dunnington and Siegel, 1996; Márquez et al., 2010) . The chickens used in this study were progeny of the 12th generation of the IC line.
Reproduction of Lines. The reproduction of each of the 3 lines consisted of pooling semen from 20 roosters and artificially inseminating (AI) 45 hens and saving eggs from d 2 to 11 post-AI. The chicks were hatched December 15, 2009, vaccinated for Marek's disease, and the different lines identified by a toe clip.
Housing. The chicks were initially placed in Petersime cages. Each cage measured 24 × 35.5 × 99 cm, with 4 cages per row and 6 rows per battery. Three batteries were used. Seven to 10 chickens from the same line were cohoused in a cage. Lines were stratified among rows across batteries. The first week posthatch, chicks were kept between 32° and 38°C. At the second week, temperature was reduced to between 29° and 32°C, with a continued reduction of approximately 3°C each week until 7 wk of age. The chicks were offered mashed form feed (200 g of CP and 2,685 kcal of ME/kg as fed) and water ad libitum and kept under constant light. Chicks were weighed individually weekly.
On d 35, chicks were sexed and moved into larger cages. All hens, and 25 randomly selected roosters from each line, were placed in Hartford cages with dimensions of 38 × 43 × 76 cm. Each battery consisted of 3 rows of cages with 4 cages per row. A total of 5 batteries were used. Five to 7 chickens of the same line were placed in a cage. Hens were housed in 4 batteries, with roosters in the fifth. Lines were stratified among rows across batteries. Lighting was reduced to 14 h/d. A new diet (140 g of CP and 2,827 kcal of ME/kg as fed) and water were offered ad libitum, with chickens weighed individually every 3 wk.
At 11 wk, 25 roosters from each line were transferred into individual cages with dimensions of 48 × 28 × 46 cm. At transfer, all roosters were weighed and wingbadged for individual identification. At wk 14, 45 hens from each of the LAS and HAS lines, and 74 hens from the IC line, were transferred using the same procedure. The light schedule remained the same as in the Hartford cages but the diet changed to a layer ration (161 g of CP and 2,752 kcal of ME/kg as fed) offered ad libitum. Individual BW was recorded on each chicken every 3 wk until hens commenced lay. In total, 239 chickens were retained.
Experimental Program
Antibody Response to SRBC. To confirm line differences, the response of LAS and HAS chickens to a SRBC challenge was determined. This was conducted at the end of the production period using the procedure outlined by Wegmann and Smithies (1966) . An injection of 0.1 mL of 0.25% SRBC was given intravenously via the brachial vein. After 5 d, a 3-mL blood sample was obtained from the opposite brachial vein. Endpoint antibody titers were determined using 2-fold serial dilutions of serum in a hemagglutination assay. The endpoint value was obtained by determining the highest dilution at which a positive agglutination response was seen. Titers were expressed as the log 2 of the reciprocal of the dilution (Siegel et al., 1982) .
Onset of Lay. The age, BW, and egg weight (EWT), at first egg were recorded on each hen. Age was measured as the number of days posthatch until the first egg was laid. Thereafter, daily egg production was monitored and recorded. The IC, LAS, and HAS hens commenced lay at on average 163.0 ± 2.0 d, 163.4 ± 2.5 d, and 175.0 ± 2.5 d posthatch, respectively. An individual was considered in lay when she produced 2 eggs within a consecutive 10-d period. A line was considered in lay when 80% of the hens in the line were producing eggs. To reduce the effect of the difference in physiological age between the LAS and HAS lines, evaluations were staggered accordingly.
Intensity of Lay. Lay intensity was recorded over fifteen 15-d periods, starting with the date the first egg was laid. Intensity was determined as the number of ovulations divided by the number of days in the period. Periods were 15 d, unless a hen died before the end of a period, which was then adjusted accordingly (8 instances). Intensity was not recorded on hens that died or never commenced lay but was recorded as 0 for those that ceased production.
Fertility. Fertility was evaluated over the course of 3 cycles for the LAS and HAS lines coinciding with early, middle, and late production. As shown in Figure 1 , 45 hens from each of the antibody lines were mated by AI with pooled semen (0.1 mL per hen) from 20 roosters from the IC line. At each cycle, 20 roosters from the LAS and HAS lines were individually mated by AI to 3 hens from the IC line. As an exception, in the third cycle of the HAS line, only 2 IC hens per rooster were still available (in production).
The length of fertility was determined by the number of days that each hen produced fertile eggs. The day of insemination was d 0. Daily, starting with d 2, eggs were collected within 24 h of being laid and evaluated by breaking to determine fertility. The egg was classified macroscopically as fertile if the blastoderm was uniform and symmetrical, rather than with jagged edges. The hen was considered fertile until the day she laid her first of 2 consecutive infertile eggs.
Statistical Analysis
All statistical analyses were conducted using SAS 9.2 (SAS Institute Inc., 2008) .
Growth Preceding Onset of Lay. Average, the variance, and CV of BW, at approximately weekly intervals, were analyzed using the GLIMMIX procedure in SAS. The model was
where Y ij was the mean, variance, or CV of BW of chicken j from antibody line L i (i = 1, …, 3 for lines LAS, HAS, and IC, respectively), with X ij the age of chicken j (expressed as deviation from the mean age) from line i, and β 1i, β 2i and β 3i the linear, quadratic, and cubic regression of age on BW nested within line, and e ij the random error. Two orthogonal contrasts were constructed to compare the values of the regression coefficients among lines. The first was to test differences between the LAS and HAS lines, and the second was to test the differences between the average of the 2 antibody lines and the IC line.
Antibody Response to SRBC. Antibody titers in response to SRBC were analyzed using the MIXED procedure in SAS. The model was
where Y ijk was the antibody titer response of chicken k from antibody line L i (i = 1 or 2 for lines LAS and HAS, respectively) of sex S j (j = 1, 2 for hens and roosters, respectively), with (LS) ij the interaction of line and sex, and e ijk the random error. Onset of Lay. Three measures associated with onset of lay were evaluated: age, BW, and EWT at first egg. Data on one IC hen were excluded because her onset of lay was 40 d after all contemporaries.
The GLIMMIX procedure was used to analyze these data using the model
where Y ij was the trait of interest for chicken j of line L i (i = 1, …, 3 for lines LAS, HAS, and IC, respectively) and e ij was the random error.
As an additional analysis of EWT, the GLIMMIX procedure again was used adding BW at first egg as a covariate to model [3] . The model was
where Y ij was the EWT of chicken j of line L i (i = 1, …, 3 for lines LAS, HAS, and IC, respectively), with X ij the BW of chicken j from line i at first egg, and β i the linear regression of BW on EWT nested within line.
In the analyses of onset of lay, 2 orthogonal contrasts were constructed to compare line means. As before, the first was to test the difference in EWT between the LAS and HAS lines, and the second was to test the difference between the average of the 2 antibody lines and the IC line. In addition, correlation coefficients were obtained for pairwise combinations of age, BW, and EWT within line. The CORR procedure of SAS was used.
Intensity of Lay. Because intensities were obtained as the ratio of number of ovulations to number of days in a period, they formed proportions. Due to the distributional properties of proportions, an angular transformation was used with the transformed values obtained as the arcsine of the square root of the intensity multiplied by 180/π. These data were analyzed with the GLIMMIX procedure of SAS using the model
where Y ijk was the transformed intensity of chicken k from line L i (i = 1, …, 3 for lines IC, LAS, and HAS, respectively) for period P j (j = 1, …, 15), with (LP) ij the interaction of line and period. Random terms were hen nested within line (e (i)k ), which was the experimental unit for line, and the residual (e ijk ). Period was considered a repeated measure. An auto-regressive covariance structure among periods with homogenous variances was assumed. This covariance structure also assumed equal spacing and nonequal correlations between periods. Least squares means were derived for the interaction of line and period. The means were separated by period using the slice procedure in SAS and compared using the Tukey-Kramer test. Differences in intensity between the LAS and HAS lines, and between the average of the selection lines and the IC line, were tested using orthogonal contrasts. Means and standard errors were back-transformed to the original scale for reporting.
Fertility. Fertility was analyzed separately for hens and roosters. The hen fertility data were analyzed using the GLIMMIX procedure of SAS fitting the model
where Y ijk was the number of days of fertile egg production from hen k from antibody line L i (i = 1 or 2 for lines LAS and HAS, respectively) and cycle C j (j = 1, …, 3), with (LC) ij the interaction of line and cycle. Random terms were hen nested within line (e (i)k ), which was the experimental unit for line, and random error (e ijk ). Cycle was considered a repeated measure. A compound symmetry covariance structure among cycles with homogenous variances was assumed. This covariance structure also assumed equal correlations and nonequal spacing between cycles. Orthogonal contrasts were constructed to test for differences in fertility between the antibody lines, the first and second cycle, and between the average of the early cycles (average of the first and second cycles) and the late (third) cycle. Two additional orthogonal contrasts were constructed to test for presence of interactions: that between line and cycle for the first 2 cycles, and that between line and the average of the early cycles and the late cycle.
The rooster fertility data were analyzed using the GLIMMIX procedure of SAS fitting the model [7] where Y ijkl was the number of days of fertile egg production from hen l mated to a rooster from antibody line L i (i = 1 or 2 for lines LAS and HAS, respectively) in cycle C j (j = 1, …, 3) mated to rooster k (k = 1, …, 34), with (LC) ij the interaction of line and cycle. Random terms were rooster nested within line (e (i)k ), which was the experimental unit for line, and random error (e ijkl ). Cycle was considered a repeated measure. Again, a compound symmetry covariance structure among cycles with homogenous variances was assumed. The same orthogonal contrasts were fitted as with hen fertility.
RESULTS

Growth Preceding Onset of Lay
Body weights for all 3 lines were recorded weekly from hatch until 5 wk of age and then every 3 wk until commencement of lay at around 21 wk. The changes in the least squares means of BW during these weeks are shown in Figure 2 . In all lines, increases in BW followed a sigmoidal pattern. Chickens in the antibody lines had similar average BW each week. However, chickens in the IC line grew to much heavier weights, with a demarcation in BW from the antibody lines starting at 9 wk of age. In the fit of the polynomial (cubic) regression, values of the regression coefficients were similar between antibody lines for the linear, quadratic, and cubic coefficients (P > 0.37). The values of these regression coefficients in the IC line differed from the average of the values in the antibody lines for the quadratic and cubic terms (P < 0.003). Variability among BW each week was similar in the 2 antibody lines, and much less than in the IC line ( Figure 3) . This was to be expected. The BW in the antibody lines reflected 36 generations of within-line selection of White Leghorns, whereas the IC line reflected a reciprocal cross of White Plymouth Rocks that was randomly bred thereafter (with the exception that fullsibs mating was avoided). In the fit of the polynomial (cubic) regression, values of the regression coefficients were similar between antibody lines for the linear and cubic terms (P > 0.51). However, the coefficients in the IC line differed from the average of the antibody lines for the linear, quadratic, and cubic terms (P < 0.001).
In all lines, the variance increased with mean BW due to scaling. Still, when expressed as a coefficient of variation, variability in the IC line remained appreciably higher. The values of the regression coefficients were similar between the antibody lines for all 3 terms (P > 0.83) yet differed when comparing the IC line to the average of the antibody lines (linear: P = 0.001; quadratic: P = 0.01; cubic: P = 0.06).
Antibody Response to SRBC
Least squares means for antibody titers (log 2 ) in response to an intravenous SRBC challenge for the LAS hens and roosters were 3.10 ± 0.35 and 3.42 ± 0.52, respectively; for the HAS hens and roosters, the titers were 9.91 ± 0.34 and 10.23 ± 0.48, respectively. Antibody titers differed substantially between the HAS and LAS lines (3-fold difference; P < 0.001) but not sexes (P = 0.45), and there was no interaction of line and sex (P = 0.99).
Onset of Lay
Least squares means for age, BW, and EWT at onset of lay for the 3 lines are reported in Table 1 . Age at onset of lay in the LAS line was 11.6 ± 3.5 d earlier than in the HAS line (P = 0.002). The average age at onset of lay in the antibody lines was 6.2 ± 2.6 d later than in the IC line (P = 0.02).
At first egg, HAS hens weighed 169 ± 40 g more than LAS hens (P < 0.001). Furthermore, the average BW from the hens of both lines was 476 ± 30 g less than the IC line (P < 0.001).
The first EWT from the LAS line was similar to that of the HAS line (a difference of 1.2 ± 0.8 g/g; P = 0.10). However, the average EWT of the antibody lines was 4.4 ± 0.6 g heavier than the IC line (P < 0.001).
The BW of the hen at first egg was added to the model (model 3) as a covariate (model 4). Egg weight increased with BW for the LAS and HAS lines, but there was no effect of BW on EWT in the IC line. The slope of the regression of EWT on BW was 0.013 ± 0.004 g/g (P = 0.003) for the LAS line and 0.011 ± 0.004 g/g (P = 0.007) for the HAS line; however, in the IC line, the estimate of the regression coefficient did not differ from zero (0.001 ± 0.002 g/g; P = 0.64). Once BW was accounted for, the difference in the weight of first egg between the LAS and HAS lines increased although it remained small (1.7 ± 8.7; P = 0.84). The average EWT of antibody lines, once adjusted for BW, was 11.7 ± 5.5 g heavier than the IC line (P = 0.04).
Age at onset of lay and EWT were moderately and positively correlated within each line (IC: 0.403; LAS: 0.412; HAS: 0.403; P < 0.008), whereas there was no correlation between age and BW at first egg in any line (P = 0.07). The EWT and BW were positively correlated within the antibody lines (LAS: 0.421; HAS: 0.360; P < 0.018) but not in the IC line (P = 0.61).
Intensity of Lay
Results for intensity of lay by line are shown in Figure 4 across the 15 periods. Although there were no overall differences in intensity between the antibody lines (P = 0.42), the average intensity of lay in the LAS and HAS lines (43.85 ± 0.03%) was greater than in the IC line (37.13 ± 0.02%; P < 0.001).
Intensity of production during period 1 was lower for HAS than LAS (P = 0.001) and IC (P = 0.04) hens, based on testing slices of the interaction of line and period. The intensity of lay decreased much earlier in the IC than antibody lines. Specifically, intensity was lower in the IC line in periods 8 through 12 (P < 0.02) when compared with the LAS line, and it was lower in periods 7 through 12 (P < 0.009) when compared with the HAS line. At periods 13 and 14, the intensity was slightly greater in the IC than HAS line (P < 0.02). Intensity in the antibody lines also differed at period 13 (P = 0.006). However, at this late stage, production levels were quite low in all lines.
Fertility
Least squares means for length of fertility in hens by line are shown in Figure 5 across cycles. When comparing the means for the antibody lines, a difference was only detected for cycle 1 (LAS: 9.6 ± 0.6 d; HAS: 6.3 ± 0.6 d; P = 0.002). A tendency for longer fertility in the LAS than the HAS line persisted over the subsequent cycles (cycle 2: 1.6 ± 0.9 d, P = 0.45; cycle 3: 2.4 ± 0.9 d, P = 0.06), although the differences were not significant. Still, fertility in hens in the LAS line was longer overall (9.6 ± 0.4 d) than in HAS hens (7.2 ± 0.4 d; P < 0.001). There was no overall effect of cycle (P = 0.12) on fertility in hens. However, the average length of fertility of both antibody lines over cycles 1 and 2 was 1.0 ± 0.5 d shorter than the duration in cycle 3 (P = 0.04). There were no interactions among lines and cycles on fertility in hens (P > 0.10).
Least squares means for length of fertility in roosters by line are shown in Figure 6 across cycles. Eggs from hens mated to LAS roosters were fertile for 8.3 ± 0.5 d, whereas those from hens mated to HAS roosters were only fertile for 5.1 ± 0.5 d (P < 0.001). There was also a difference between the antibody lines during cycles 1 and 2. The LAS line was fertile 3.6 ± 1.1 d (P = 0.02) longer in cycle 1 and 3.4 ± 1.1 d (P = 0.03) longer in cycle 2. During cycle 3, the difference between the LAS and HAS lines was less (2.4 ± 1.2 d; P = 0.34). Among roosters, there were no effects of cycle on fertility when comparing the first to the second cycle (P = 0.06) or when comparing the average of the early to the late cycle (P = 0.86). As with hens, there also was no overall line by cycle interactions for fertility (P = 0.38).
DISCUSSION
Antibody Response to SRBC
There were clear differences in antibody response to SRBC between the antibody lines, with an approximate 3-fold difference, on the log 2 scale, between them. The average titer value for the LAS line was low (3.26 ± 0.31), as expected, with that of the HAS line considerably higher (10.07 ± 0.29). Still, the titer value in the HAS line was lower than in earlier generations of this line. As of the 34th generation, the average titer value for the HAS line was greater than 14 (Siegel and Honaker, 2009 ). Age and environmental factors may have affected titer values, specifically temperature and that different individual donor sheep were used when harvesting SRBC (Siegel and Honaker, 2009 ). The chickens used in this study were hatched approximately 9 mo later than the parental lines, with antibody titers assessed in October rather than April. Perhaps more importantly, the testing was conducted when the chickens were adults rather than as juveniles on which selection has been based. Furthermore, with long-term selection, "waves of response" may be observed as reported previ- . When lines were compared, only lay intensity during periods 1 and 13 differed between the LAS and HAS lines (P < 0.006). However, the IC line had decreased intensity compared with the LAS line in periods 8 through 12 (P < 0.009) and the HAS line in periods 7 through 12 (P < 0.04). In periods 13 and 14, the IC line had greater intensity of lay compared with the HAS line (P < 0.02). ously in these lines. In generations 11 and 25, average antibody response in the HAS line decreased dramatically followed by sharp increases in the subsequent generation (Kuehn et al., 2006) . The lower antibody titer in the HAS line observed in this study simply may reflect this oscillatory pattern.
Onset of Lay
Attributes measured at the onset of lay differed among the 3 lines. The LAS line commenced lay at the same time as the IC line, but both lines came into lay approximately 12 d earlier than the HAS line. This is consistent with previous examination of the antibody lines: in generations 10, 14, and 36 (parents of the chickens used in the current study), the LAS line commenced lay 13, 22, and 13 d earlier than the HAS line, respectively (Martin et al., 1990; Siegel, unpublished data) . In a different selection experiment involving White Plymouth Rock chickens selected for BW at 8 wk of age, those selected for low BW commenced lay later than those selected for high BW (Anthony et al., 1989; Dunnington and Siegel, 1996) . Such line differences in age at sexual maturity suggest a correlated response to the specific selection regimen.
The average age of LAS hens at the start of production in this study was similar to that observed in this line in earlier generations. However, the onset of lay in the HAS line was 8 and 11 d earlier, respectively, than in generations 10 and 14 (Martin et al., 1990) . The younger age of sexual maturity in the HAS line compared with early generations may be due to a reduction in the threshold for BW required for onset of lay and may be seen as a correlated response to the selection for high antibody response to SRBC. In a study examining sexual maturity in dwarf and normal chickens selected for high and low 8-wk BW, younger age-at-lay onset was observed in the high-weight line nondwarf hens (Brody et al., 1983) . With selection for high weight, nondwarf hens reached the BW threshold to begin egg production sooner than in their low-weight counterparts.
The LAS line in the current study began production at a lighter BW than both the HAS and IC lines. The IC hens had a much heavier average BW at first egg, but that simply reflected breed differences (White Plymouth Rock vs. White Leghorn). The average BW of hens at sexual maturity in the LAS line was similar to that of hens from generations 11 and 14. However, hens from the HAS line were 96 and 160 g heavier at commencement of lay when compared with HAS hens in generations 11 and 14, respectively (Martin et al., 1990) . Conversely, the average BW in the parents of the hens in the current study from both antibody lines at onset of lay was considerably less than in generations 11 and 14 (Siegel, unpublished data) . This decrease suggests a lower BW threshold requirement, over time, for hens to begin egg production.
The increase in average BW in the hens used in this study at onset of lay, without an increase in age, as compared with their parents suggests a clear environmental impact of the change in hatch date. These increased gains were achieved even though the feed offered was the same. The resources needed for a hen to commence lay apparently were not countered by the selection for increased antibody response to SRBC. Although onset of lay can be influenced by genetic selection, minimum standards must be met by each hen in regards to age, BW, and carcass composition (Dunnington and Siegel, 1984) .
The weight of the first egg did not differ between the HAS and LAS lines, though both antibody lines had heavier eggs than the IC line. This difference is likely explained by breed differences. The HAS and LAS hens are White Leghorn chickens, whereas the IC hens are White Plymouth Rock chickens. Measures such as first EWT are line specific, so differences between them are reasonable. Differences in EWT among other breeds have been reported (Monira et al., 2003; Popova-Ralcheva et al., 2009) . Noteworthy was the relationship between EWT and BW in the antibody lines. The HAS and LAS lines had a significant relationship between EWT and BW, whereas no such relationship existed in the IC line. This lack of relationship in the IC line is due, in part, to the large range of BW, and small range of EWT, at first egg of an intercross when compared with the antibody lines.
Intensity of Lay
Intensity of lay was greater in the LAS than HAS line only during the first period and once again during period 13 when the egg production cycle had almost reached completion. It was hypothesized that the HAS line would have decreased intensity than the LAS line because of resources allocated to enhance antibody response. The lack of difference in intensity between the HAS and LAS lines in the current study suggest sufficient resources were available for egg production, regardless of differences in their antibody response.
The antibody lines differed from the IC line by having a higher intensity of lay during midproduction. Although intensity began to decrease in the IC line at period 6, intensities were still increasing in the antibody lines. By periods 7 and 8 in the HAS and LAS lines, respectively, the antibody lines had a more intense rate of production compared with the IC line, which persisted through period 12. This decrease in intensity in the IC line occurred gradually over time. In the antibody lines, intensity remained fairly stable until late production, followed by a sharp drop around period 12. The IC line may be more susceptible to the aging process, causing the hens to limit intensity throughout the course of their production.
Fertility
The length of fertility was different between the antibody lines for both hens and roosters, with the LAS line having a longer duration of fertility. However, differences were only found for the first 2 cycles among roosters and the first cycle among hens.
Variation in length of fertility is due to the contribution of both the hen and rooster (Wolc et al., 2009 ). According to Wishart (1987) , duration of fertility is influenced predominantly by the number of spermatozoa that are accepted into the sperm-host gland postinsemination and the rate at which they are released. It has also been hypothesized that as a hen ages, there is decreased efficiency of sperm storage (Gumulka and Kapkowska, 2005) . These factors, combined with resource allocation, may help to explain the initial differences in the LAS and HAS lines and why they did not persist. The initial difference in fertility between the lines may be due to reproductive resources in both hens and roosters being reduced due to selection for high antibody response. The lack of a line difference in the later cycle may reflect animal aging.
That the overall average length of fertility was longer in hens than roosters in both lines suggests that they may have a greater influence on the success of fertilization, than roosters. Conversely, heterosis when mating the antibody and IC lines may be responsible for this difference. There may be a difference in fertility of IC hens and roosters, which was not examined, that may have been amplified with mating to the different antibody lines. Regardless, the interactions between donor (rooster) and host (hen) on duration of fertility are very complex, as pointed out by Pizzari et al. (2008) .
Conclusions
Reproductive soundness, as a whole, appears greater in the LAS than HAS line. The LAS hens were able to begin egg production at an earlier age and lighter BW. They also entered lay at an increased intensity than their HAS counterparts. Lastly, the LAS line was able to maintain a longer duration of fertility earlier in production, which suggests an increased length of storage within the sperm host glands. Further research is needed to understand the difference between sexes and their independent effects on length of fertility. Mating roosters and hens from the antibody lines to several different control lines would allow differences between sexes to be more easily seen, particularly if heterotic effects on reproductive soundness differ depending on the breed combination.
